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(54) METHOD OF MANUFACTURING PHASE SHIFT MASK BLANK AND APPARATUS FOR 
MANUFACTURING PHASE SHIFT MASK BLANK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method, etc., of manufacturing phase shift mask 
blanks which is capable of decreasing the .variations in phase angle and transmittance among 
the blanks as far as possible and good in yield. 

SOLUTION: The method of manufacturing the phase shift mask blanks is characterized in that a 
process step of continuously depositing thin films on the transparent substrates by using a 
sputtering method includes a process step in which a series of processes to form the thin films 
for forming patterns in a sputtering chamber and to eject the respective transparent substrates 
after the deposition out of the sputtering chamber are successively carried out with plural 
sheets of the substrates and the transfer-in and out of the transparent substrates are carried 
out approximately at specified intervals, thereby, the deposition time is made constant among 
plural sheets of the blanks. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
. 3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]On a transparent substrate, a phase shift mask blank which has a phase shifting 
layer at least in a method of manufacturing continuously two or more sheets said method, A 
manufacturing method of a phase shift mask blank which includes a process which a phase 
shifting layer uses sputtering process on a transparent substrate, and is formed 
continuously and with which dispersion in a phase angle of a phase shifting layer between 
said blanks of two or more sheets is characterized by being **2 degrees. 
[Claim 2]On a transparent substrate, a halftone type phase shift mask blank which has the 
optical diffusion shell in a method of manufacturing continuously two or more sheets said 
method, A process which optical diffusion shell uses sputtering process on a transparent 
substrate, and is formed continuously is included, A manufacturing method of a half tone 
type phase shift mask blank, wherein a phase angle of optical diffusion shell between said 
half tone type phase shift mask blanks of two or more sheets and dispersion of 
transmissivity are less than **2 degrees and less than **4%, respectively. 
[Claim 3]ln a method of manufacturing continuously two or more sheets, a photo mask 
blank which has a thin film for forming a pattern at least on a transparent substrate said 
method, A process which said thin film uses sputtering process on said transparent 
substrate, and is formed continuously including a process which said thin film uses 
sputtering process on said transparent substrate, and is formed continuously, A transparent 
substrate is carried in to a sputtering chamber and a thin film for forming a pattern in said 
sputtering chamber is formed, By performing a series of processes that a transparent 
substrate after membrane formation is taken out from said sputtering chamber, one by one 
to two or more substrates, and performing carrying in and taking out of the transparent 
substrate at intervals of approximately regulated, A manufacturing method of a photo mask 
blank excepting even the 5th [ at least ] sheet from the 1st membrane formation start 
among photo mask blanks obtained in said process including a process of making 
membrane formation time regularity between blanks of two or more sheets. 
[Claim 4]The manufacturing method according to claim 3, wherein a thin film for forming 
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said pattern is a phase shifting layer and said photo mask blank is a phase shift mask 
blank. 

[Claim 5]The manufacturing method according to claim 3, wherein a thin film for forming 
said pattern is a phase shifting layer of optical semi transmission nature and said photo 
mask blank is a half tone type phase shift mask blank. 

[Claim 6]ln a manufacturing method of a photo mask blank which has a thin film for forming 
'- a pattern at least on a transparent substrate, A manufacturing method of a photo mask 

blank forming membranes by carrying out sputtering of the target which counters a position 
• from which the medial axis shifted [ medial axis / of said substrate ] in said thin film while 

rotating said substrate. 

[Claim 7]The manufacturing method according to claim 6, wherein this target and a 
substrate are arranged so that a field where said substrate and a target counter may have a 
predetermined angle. 

[Claim 8]The manufacturing method according to claim 6 or 7 forming membranes by 
carrying out integer time rotation of the transparent substrate before an end of membrane 
formation from a start of membrane formation. 

[Claim 9]The manufacturing method according to any one of claims 6 to 8, wherein a thin 
film for forming said pattern is a phase shifting layer and said photo mask blank is a phase 
shift mask blank. 

[Claim 10]The manufacturing method according to claim 9, wherein dispersion within a field 
of a phase angle of said phase shifting layer is less than **2 degrees. 
[Claim 1 1]The manufacturing method according to any one of claims 6 to 10, wherein a thin 
film for forming said pattern is a phase shifting layer of optical semi transmission nature and 
said photo mask blank is a halftone type phase shift mask blank. 

[Claim 12]The manufacturing method according to claim 11 with which dispersion within a 
field of a phase angle of a phase shifting layer of said optical semi transmission nature is 
characterized by dispersion within less than **2 degrees and a field of transmissivity being 
less than **4%. 

[Claim 13]Metal formed when a phase shifting layer of said optical semi transmission nature 
carried out sputtering of the target which consists of metal and silicon in atmosphere 
containing nitrogen, The manufacturing method according to claim 11 or 12 which is a film 
which contains silicon and nitrogen as a main constituent, and is characterized by being 
formed so that content of nitrogen in a phase shifting layer of said optical semi transmission 
nature may become larger than silicon. 

[Claim 14]A photo mask manufacturing by patterning after a thin film in the photo mask 
blank according to any one of claims 1 to 13. 

[Claim 15]A pattern transfer method performing pattern transfer using the photo mask 
according to claim 14. 

[Claim 16]A load lock mechanism which introduces one substrate at a time, and a substrate 
transporting mechanism which introduces one substrate at a time from a load lock chamber 
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at a fixed interval to a sputtering chamber, A manufacturing installation of a photo mask 
blank having at least a sputtering chamber which forms membranes on a substrate, and an 
unloading locking mechanism which discharges one substrate at a time from a sputtering 
chamber. 

[Claim 17]A manufacturing installation of a photo mask blank characterized by comprising 
the following. 

" A substrate mounting base which has a rolling mechanism. 

A target which counters a position from which the medial axis shifted [ medial axis / of a 
" substrate ]. 

[Claim 18]The manufacturing installation according to claim 17, wherein this target and a 
substrate are arranged so that a field where said substrate and a target counter may have a 
predetermined angle. 

[Claim 19]resembling either characterized by comprising the following of claims 16-18 - a 
manufacturing installation of a halftone type phase shift mask blank of a statement. 
A means to detect a rotary place of a substrate. 

A means which turns OFF (end of membrane formation) discharge when a substrate comes 
to the same rotation angle position as a time of a substrate carrying out integer time 
rotation and turning ON discharge clitteringly a time (membrane formation start) of turning 
ON discharge. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to a phase shift mask blank 
manufacturing method, a manufacturing installation, etc. suitable for an ArF excimer laser 
and F 2 excimer laser. 

[0002] 

[Description of the Prior Art] Reservation of high-resolution-izing which is the two important 
characteristics required of photo lithography, and the depth of focus has an opposite 
relation in recent years, It was shown clearly that usable resolution could not be improved 
only by a raise in NA of the lens of an exposure device and short wavelength formation (the 
monthly Semiconductor World with 1990.12 and an applied physics of volume [ 60th ] 
November [ the ] item (1991) etc.). 

[0003]Under such a situation, as next-generation photolithography technology, the phase 
shift lithography attracts attention and is put in practical use in part. A phase shift 
lithography is a method which does not add change to an optical system but raises the 
resolution of optical lithography by change of only a mask. 

It enables it to improve resolution by leaps and bounds by giving phase contrast between 
the exposing light which penetrates a photo mask using interference between the 
transmitted lights. 

A phase shift mask is a mask which has light intensity information and topology 
simultaneously. 

The various types of the Levenson (Levenson) type, an auxiliary pattern type, a self-align 
type (edge enhancement type), etc. are known. 

Compared with the conventional photo mask which has only light intensity information, 
these phase shift masks have complicated composition, and manufacture also takes 
advanced art to them. 

[0004]As one of the phase shift mask of this, the phase shift mask called what is called a 
halftone type phase shift mask is developed in recent years. Since a this half-tone type 
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phase shift mask will have two functions of the shielding function which intercepts exposing 
light substantially, and the phase shifting function to which the phase of light is shifted (it is 
usually reversed), an optical semi transmission part, It is not necessary to form 
independently a light-shielding film pattern and a phase shifting layer pattern, and has the 
feature that composition is simple and manufacture is also easy. Although the mask pattern 
is processed according to the dry etching process in the halftone phase shift mask, In the 
method of realizing a shielding function and a phase shifting function in a separate layer, it 
needs to be controlled advanced for acquiring good pattern shape about both the layer 
which has a shielding function, and a layer with a phase shifting function. Since a single 
etching process can be used by constituting the optical semi transmission part of the 
monolayer which combines a shielding function and a phase shifting function to it, it is 
possible to be able to simplify the manufacturing process of a mask and to acquire good 
pattern shape easily. 

[0005]The light transmission section (transparent substrate exposed part) 200 which makes 
the light of the intensity which contributes substantially the mask pattern formed on the 
transparent substrate 100 to exposure as a half-tone type phase shift mask is shown in 
drawing 10 penetrate, It constitutes from the optical semi transmission part (shade part and 
phase shifter part) 300 which makes the light of the intensity which does not contribute to 
exposure substantially penetrate (the figure (a)), By making it become the relation which 
the phase of the light which shifted the phase of the light which penetrates this optical semi 
transmission part, and penetrated the optical semi transmission part reversed substantially 
to the phase of the light which penetrated the light transmission section, and (said figure 
(b)), The light which passes through the neighborhood of a boundary part of an optical semi 
transmission part and a light transmission section, and turned to the partner's field mutually 
by diffraction phenomena denies mutually, and it is made to suit, it makes light intensity in a 
boundary part zero mostly, and raises (the figure (c))., the contrast, i.e., the resolution, of a 
boundary part 

[0006]By the way, half-tone [ which was mentioned above ] type a phase shift mask and the 
optical semi transmission part which can be set blank, and the optical diffusion shell (phase 
shift layer) need to have the optimal value demanded about the both sides of light 
transmittance and a phase shifting amount. In exposure wavelengths, such as (1) i line, a 
KrF excimer laser, and an ArF excimer laser, transmissivity can specifically be adjusted in 3 
to 20% of range, (2) Having [ usually ]-in wavelength, such as adjusting [ usually / to the 
value of about 180 degrees / a phase angle ]-in said exposure wavelength, 257-nm [ which 
is (3) inspection wavelengths ], 266-nm, 364-nm, and 488 nm, -transmissivity which can 
inspect 65% or less ** is required. 
[0007] 

[Problem(s) to be Solved by the lnvention]However, the wavelength of the laser used for 
exposure from i line (365 nm) or a KrF excimer laser (248 nm). In a conventional halftone 
type phase shift mask mentioned above and a manufacturing method for the same, the 
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problem as shown below has arisen as short wavelength formation is carried out to an ArF 
excimer laser (193 nm). Namely, if there are a phase angle between the BURANKUSU and 
within a field and dispersion of transmissivity when mass-producing a phase shift mask 
blank, In [ the yield is bad and ] MASUKUBU Ranks especially for short wavelength, such 
as ArF and F 2 excimer laser, In the phase angle between BURANKUSU in the conventional 

. i line and MASUKUBU Ranks for KrF excimer lasers, and within a field, and dispersion of 
transmissivity, since dispersion was large and the yield was also bad, there was a problem 

. that it could not ****** as it is. 
[0008]This invention was made under the background mentioned above, can reduce the 
phase angle between ** and BURANKUSU, and dispersion of transmissivity as much as 
possible, and sets offer of the manufacturing method of the good phase shift mask blank of 
the yield, etc. as the first purpose. The phase angle within the field of BURANKUSU and 
dispersion of transmissivity can be reduced as much as possible, and offer of the 
manufacturing method of the good phase shift mask blank of the yield, etc. is set as the 
second purpose. The phase angle between BURANKUSU and dispersion of transmissivity 
can be reduced as much as possible, and offer of the manufacturing installation of the 
phase shift mask blank which can manufacture the yield well, etc. is set as the third 
purpose. The phase angle within the field of BURANKUSU and dispersion of transmissivity 
can be reduced as much as possible, and offer of the manufacturing installation of the 
phase shift mask blank which can manufacture the yield well, etc. is set as the fourth 
purpose. 
[0009] 

[Means for Solving the ProblemJTo achieve the above objects, this invention has the 
following composition. 

[0010](Composition 1) On a transparent substrate, a phase shift mask blank which has a 
phase shifting layer at least in a method of manufacturing continuously two or more sheets 
said method, A manufacturing method of a phase shift mask blank which includes a 
process which a phase shifting layer uses sputtering process on a transparent substrate, 
and is formed continuously and with which dispersion in a phase angle of a phase shifting 
layer between said blanks of two or more sheets is characterized by being less than **2 
degrees. 

[0011](Composition 2) On a transparent substrate, a halftone type phase shift mask blank 
which has the optical diffusion shell at least in a method of manufacturing continuously two 
or more sheets said method, A process which optical diffusion shell uses sputtering 
process on a transparent substrate, and is formed continuously is included, A 
manufacturing method of a halftone type phase shift mask blank, wherein a phase angle of 
optical diffusion shell between said half tone type phase shift mask blanks of two or more 
sheets and dispersion of transmissivity are less than **2 degrees and less than **4%, 
respectively. 

[0012](Composition 3) In a method of manufacturing continuously two or more sheets, a 
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photo mask blank which has a thin film for forming a pattern at least on a transparent 
substrate said method, A process which said thin film uses sputtering process on said 
transparent substrate, and is formed continuously including a process which said thin film 
uses sputtering process on said transparent substrate, and is formed continuously, A 
transparent substrate is carried in to a sputtering chamber and a thin film for forming a 
pattern in said sputtering chamber is formed, By performing a series of processes that a 
transparent substrate after membrane formation is taken out from said sputtering chamber, 
one by one to two or more substrates, and performing carrying in and taking out of the 
transparent substrate at intervals of approximately regulated, A manufacturing method of a 
photo mask blank excepting even the 5th [ at least ] sheet from the 1st membrane 
formation start among photo mask blanks obtained in said process including a process of 
making membrane formation time regularity between blanks of two or more sheets. 
[0013](Composition 4) Manufacturing method given in the composition 3, wherein a thin film 
for forming said pattern is a phase shifting layer and said photo mask blank is a phase shift 
mask blank. 

[0014](Composition 5) Manufacturing method given in the composition 3, wherein a thin film 
for forming said pattern is a phase shifting layer of optical semi transmission nature and 
said photo mask blank is a half tone type phase shift mask blank. 

[0015](Composition 6) In a manufacturing method of a photo mask blank which has a thin 
film for forming a pattern at least on a transparent substrate, A manufacturing method of a 
photo mask blank forming membranes by carrying out sputtering of the target which 
counters a position from which the medial axis shifted [ medial axis / of said substrate ] in 
said thin film while rotating said substrate. 

[0016](Composition 7) Manufacturing method given in the composition 6, wherein this 
target and a substrate are arranged so that a field where said substrate and a target 
counter may have a predetermined angle. 

[0017](Composition 8) Manufacturing method the composition 6 forming membranes by 
carrying out integer time rotation of the transparent substrate before an end of membrane 
formation from a start of membrane formation, or given in 7. 

[0018](Composition 9) Manufacturing method given in either of the composition 6-8 of that it 
is characterized by a thin film for forming said pattern being a phase shifting layer, and said 
photo mask blank being a phase shift mask blank. 

[0019](Composition 10) Manufacturing method given in the composition 9 for which 
dispersion within a field of a phase angle of said phase shifting layer is characterized by 
being less than **2 degrees. 

[0020](Composition 11) Manufacturing method given in either of the composition 6-10 of 
that it is characterized by a thin film for forming said pattern being a phase shifting layer of 
optical semi transmission nature, and said photo mask blank being a halftone type phase 
shift mask blank. 

[0021](Composition 12) Manufacturing method given in the composition 11 for which 
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dispersion within a field of a phase angle of a phase shifting layer of said optical semi 
transmission nature is characterized by dispersion within less than **2 degrees and a field 
of transmissivity being less than **4%. 

[0022](Composition 13) Metal formed when a phase shifting layer of said optical semi 
transmission nature carried out sputtering of the target which consists of metal and silicon 
in atmosphere containing nitrogen, A manufacturing method the composition 11 which is a 
film which contains silicon and nitrogen as a main constituent, and is characterized by 
being formed so that content of nitrogen in a phase shifting layer of said optical semi 
transmission nature may become larger than silicon, or given in 12. 

[0023](Composition 14) Photo mask manufacturing by patterning after a thin film in a photo 
mask blank given in either of the composition 1-13. 

[0024](Composition 15) Pattern transfer method carrying out pattern transfer to the 
composition 14 using a photo mask of a statement. 

[0025](Composition 16) A load lock mechanism which introduces one substrate at a time, 
and a substrate transporting mechanism which introduces one substrate at a time from a 
load lock chamber at a fixed interval to a sputtering chamber, A manufacturing installation 
of a photo mask blank having at least a sputtering chamber which forms membranes on a 
substrate, and an unloading locking mechanism which discharges one substrate at a time 
from a sputtering chamber. 

[0026](Composition 17) Manufacturing installation of a photo mask blank having a substrate 
mounting base which has a rolling mechanism, and a target which counters a position from 
which the medial axis shifted [ medial axis / of a substrate ]. 

[0027](Composition 18) Manufacturing installation given in the composition 17, wherein this 
target and a substrate are arranged so that a field where said substrate and a target 
counter may have a predetermined angle. 

[0028](Composition 19) A means which turns OFF (end of membrane formation) discharge 
when a substrate comes to a means to detect a rotary place of a substrate, and the same 
rotation angle position as a time of a substrate carrying out integer time rotation and turning 
ON discharge clitteringly a time (membrane formation start) of turning ON discharge, 
resembling either of the composition 16-18 of that it is characterized by ****(ing) - a 
manufacturing installation of a halftone type phase shift mask blank of a statement. 
[0029] 

[Function]According to the above-mentioned composition 1 and 2, the phase angle of the 
light [ dispersion / in the phase angle of the phase shifting layer between phase shift mask 
blanks ] diffusion shell between **2 degrees or a half tone type phase shift mask blank and 
dispersion of transmissivity, Since it is less than **2 degrees and less than **4%, 
respectively, mass production utilization of manufacture of the phase shift mask for short 
wavelength, such as ArF and F 2 excimer laser, is realizable. If this range is exceeded, 

mass production utilization of manufacture of the phase shift mask for short wavelength, 



http://www4.ipdl.inpit.go.jp/^ 2/12/2009 



JP,2002-090978 5 A [DETAILED DESCRIPTION] 



Page 6 of 1 5 



such as an ArF and F 2 excimer laser, is difficult. In for KrF excimer lasers, also in the actual 

condition, it is usable, but. the one where the phase angle of the optical diffusion shell 
between mask blanks and dispersion of transmissivity are smaller - good - better - it can 
come out and the invention of the composition 1 and two statements can be applied also to 
the phase shift mask blank for KrF excimer lasers. 

. [0030]the membrane characteristics [ according to the above-mentioned composition 3-5 ] 
(transmissivity (OD).) in a photo mask blank Can stop dispersion between blanks, such as 

. thickness, and the phase angle of the light [ dispersion / in the phase angle of the phase 
shifting layer especially between phase shift mask blanks ] diffusion shell between **2 
degrees or a half tone type phase shift mask blank and dispersion of transmissivity, 
Manufacture of the phase shift mask which are less than **2 degrees and less than **4%, 
respectively is realizable. 

[0031 ]the membrane characteristics [ according to the above-mentioned composition 6-12 ] 
(transmissivity (OD).) in a photo mask blank Can stop dispersion within fields, such as 
thickness, and the phase angle of the light [ dispersion / in the phase angle of the phase 
shifting layer especially within the field of a phase shift mask blank ] diffusion shell within 
**2 degrees or the field of a half tone type phase shift mask blank and dispersion of 
transmissivity, Since the phase shift mask blank which are less than **2 degrees and less 
than **4%, respectively is realizable, utilization of the phase shift mask for short 
wavelength, such as ArF and F 2 excimer laser, is realizable. If this range is exceeded, 

utilization of the phase shift mask for short wavelength, such as ArF and F 2 excimer laser, 

is difficult. In for KrF excimer lasers, also in the actual condition, it is usable, but. the one 
where the phase angle of the optical diffusion shell within the field of a mask blank and 
dispersion of transmissivity are smaller - good - better — it can come out and the invention 
of six to composition 12 statement can be applied also to the phase shift mask blank for 
KrF excimer lasers. 

[0032]According to the above-mentioned composition 13, it becomes possible to stop 
dispersion in a phase angle further. 

[0033]According to the above-mentioned composition 14, the photo mask which stopped 
dispersion between masks or within a mask surface can be obtained. 
[0034]According to the above-mentioned composition 15, outstanding minute pattern 
processing is attained. 

[0035]the membrane characteristics [ according to the device of the above-mentioned 
composition 16-19 ] (transmissivity (OD).) in a photo mask blank The phase shift mask 
blank whose dispersion of the phase angle of the phase shifting layer [ can stop dispersion 
between blanks, such as thickness, or within a field, and ] between phase shift mask blanks 
or within a field especially is less than **2 degrees, The phase angle of the optical diffusion 
shell between half tone type phase shift mask blanks or within a field and dispersion of 
transmissivity can realize manufacture of the phase shift mask blank which are less than 
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**2 degrees and less than **4%, respectively. 
[0036]This invention is explained in detail below. 

[0037]The following things were understood as a result of advancing research, in order to 
attain the purpose mentioned above. It is a functional overlay important point that the phase 
angle and transmissivity of an optical semi transmission part are adjusted to the desired 
value in the halftone phase shift mask, the error span of a phase angle and transmissivity — 
* the change between BURANKUSU (dispersion between BURANKUSU), and BURANKUSU 
— internal division — cloth (dispersion within a field) — about **2 degrees and about **4 
degrees are both required, respectively. As a factor which changes a phase angle and 
transmissivity, the membrane formation procedure of (1) light diffusion shell, the 
performance of the sputtering system which forms (2) light diffusion shell, and the 
construction material of (3) light diffusion shell are mentioned. 

[0038](1) Explain in detail the membrane formation procedure which forms the optical 
diffusion shell. When deciding on the membrane formation time of the optical diffusion shell 
by a start and end of sputtering, It is effective in the change between BURANKUSU of a 
phase angle and transmissivity (dispersion between BURANKUSU) being less than **2 
degrees and less than **4 degrees, respectively (improvement in reproducibility) to make 
regularity the interval from the end of sputtering to the next sputtering start. A sputtering 
phenomenon changes the temperature and the surface state of a target or a shield, and 
also changes the degree of vacuum in a vacuum chamber simultaneously. If intermittent 
sputtering whose interval from the end of sputtering to the next sputtering start is not 
constant is performed like before, the state of a target or a shield will change every 
moment. Like this invention, if the interval, the sputtering time, and the sputtering condition 
from the end of sputtering to the next sputtering start are always fixed, in production 
number of sheets, change of a phase angle and transmissivity will become small 
henceforth [ in five to ten sheets ]. That is, it is possible for it to be stabilized and to 
manufacture half-tone phase shift MASUKUBU Ranks with little change of a phase angle 
and transmissivity by forming the optical diffusion shell continuously with a constant 
interval, and excepting the 5 thru/or 10th sheet or before from a start. A phase angle and 
dispersion between BURANKUSU of transmissivity are able to specifically stabilize for him 
and manufacture half-tone phase shift MASUKUBU Ranks who is less than **2 degrees 
and less than **4 degrees, respectively. 

[0039]ln order to realize this process, the equipment configuration which establishes the 
load lock mechanism which can always hold the vacuum chamber (sputtering chamber) 
which performs sputtering as shown in drawing 1 to a high vacuum state, is a fixed interval 
and can perform continuously substrate introduction to a sputtering chamber from a load 
lock chamber is required. For the purpose, moreover, it is necessary to establish the load 
lock mechanism which dares to introduce one substrate at a time, and to design the 
capacity of a load lock chamber to the capacity which can perform continuously substrate 
introduction to a sputtering chamber from a load lock chamber at a fixed interval. Although 
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it is a method (or in-line method) which sets about ten substrates in a load lock chamber 
from a viewpoint of a throughput in conventional half-tone phase shift MASUKUBU Ranks's 
manufacturing installation, Since it takes time to make the inside of a load lock chamber 
into a predetermined degree of vacuum in this method since the capacity of a load lock 
chamber is large and membrane formation is not performed within a sputtering chamber in 
the meantime, When forming membranes by completing all the membrane formation and 
setting the following cassette in a load lock chamber, substrate introduction to a sputtering 
chamber is not continuously performed at a fixed interval. Under the present 
circumstances, all that matters further is that membrane formation by a sputtering chamber 
is not stabilized, but dispersion between BURANKUSU of a phase angle or transmissivity is 
large about 5-10 sheets of the beginning, and the yield is bad, if substrate introduction to a 
sputtering chamber is not continuously performed at a fixed interval. 
[0040]ln drawing 1 , the atmosphere, the valve 12 which isolates the load lock chamber 1 1 , 
and the valve 14 which isolates the load lock chamber 1 1 and the sputtering chamber 13 
are attached to the load lock chamber 11. What was moreover designed by predetermined 
capacity by single wafer processing which can perform continuously substrate introduction 
to the sputtering chamber explained above at a fixed interval as the load lock chamber 1 1 is 
provided. The sputtering chamber 13 has a function equivalent to the vacuum chamber 
which performs sputtering as shown in drawing 2 mentioned later. When performing 
substrate introduction to the sputtering chamber 13 in a robot arm, the **** room 15 may be 
formed between the sputtering chamber 13 and the load lock chamber 11. The robot arm 
19 can move the hand 19b in the direction of graphic display B, when the arm 19a opens 
and closes in the direction of graphic display A, and the robot arm 19 can rotate in the 
direction of graphic display C, and the robot arm 19 has further composition which can 
move to a sliding direction to space. In order to raise the throughput of membrane 
formation, the above-mentioned load lock chamber 11 and the unloading lock chamber 16 
which has the same composition may be added. An example of the process of forming the 
optical diffusion shell on a transparent substrate is explained using drawing 1 . 

1) Perform a vent and make the inside of the load lock chamber 11 into atmospheric 
pressure, after closing the valve 14. 

2) Open the valve 12 and introduce one transparent substrate in the load lock chamber 11. 

3) Close the valve 12 and exhaust the load lock chamber 11. 

4) After the load lock chamber 1 1 reaches a predetermined degree of vacuum, open the 
valve 14 and move a transparent substrate to the sputtering chamber 13. 

5) Form the optical diffusion shell by the sputtering chamber 13 using the composition 
shown in drawing 2 mentioned later. 

6) After the end of membrane formation of the optical diffusion shell, open the valve 17 and 
move a substrate to the unloading lock chamber 16. At this time, the unloading lock 
chamber 16 needs to be exhausted to a predetermined degree of vacuum. 

7) Perform a vent and make an unloading lock chamber into atmospheric pressure, after 
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closing the valve 17. 

8) Open the. valve 18 and take out a substrate. 

By the time membrane formation of the optical diffusion shell in the sputtering chamber 13 
is completed and a substrate is moved to the unloading lock chamber 16 from the 
sputtering chamber 13, even the above-mentioned processes 1-4 will be terminated, and 
the following substrate is made to stand by to the load lock chamber 1 1. If the last 
membrane formation is completed and a substrate is moved to the unloading lock chamber 
6 from the sputtering chamber 13, the transparent substrate made to stand by will be 
moved to the sputtering chamber 13, and the optical diffusion shell will be formed 
succeedingly. By such a process, formation of the optical diffusion shell is attained 
continuously (continuous) at a fixed interval except for the time of the maintenance of a 
device, etc. 

[0041](2) Next, explain in detail the performance of the sputtering system which forms the 
optical diffusion shell. Since time to perform gas pressure at the time of sputtering which 
forms the optical diffusion shell, output of the DC power supply for sputtering, and 
sputtering affects transmissivity and a phase angle directly, The precision improvement of 
the setpoint signal sent from a gas flow rate controller, and the precision improvement and 
the controller of a DC power supply and other apparatus is required. The mechanism in 
which the opening of exhaust air ROBARUBU and the position of a shield can be 
determined correctly is also required for the gas pressure at the time of sputtering in order 
to receive influence also in the exhaust air conductance of a device. Concrete control 
precision is mentioned later. In the film containing silicon nitride, since gas, such as 
moisture generated from a vacuum-chamber wall, has big influence on a membranous 
optical property, it is required to form the mechanism which equips with the pump which 
can fully exhaust the inside of a vacuum chamber, and can bake a vacuum-chamber wall. 
When membrane formation speed is 10 nm/min, when membrane formation speed is 5 

nm/min, below 1x10 " 5 pa is [ below 2x10 " 5 pa ] required for the degree of vacuum in a 
vacuum chamber in general, further — BURANKUSU of a phase angle and transmissivity - 
internal division -- in order to suppress cloth (dispersion within a field) within less than **2 
degrees and **4 degrees, respectively, while forming membranes, rotating a transparent 
substrate, it is required to form membranes by carrying out integer time rotation of the 
transparent substrate before the end of membrane formation from the start of membrane 
formation. By for the purpose, the sensor which detects the rotation angle position of a 
substrate, for example. When a substrate comes to the same rotation angle position as the 
time of having carried out the substrate rotation angle detecting position at the time of 
turning ON discharge (membrane formation start), and a substrate carrying out integer time 
rotation and turning ON discharge by this sensor further, it is required to have a mechanism 
which turns OFF (end of membrane formation) discharge. 

[0042]The distribution within a phase angle and the field of transmissivity changes also with 
the physical relationship of a substrate and a target. The physical relationship of a target 
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and a substrate is explained using drawing 8 . Offset distance (distance between the medial 
axis of a substrate and a straight line parallel to the medial axis of said substrate through 
the center of a target) is adjusted with the area which should secure distribution of a phase 
angle and transmissivity. When the area which should generally secure distribution is large, 
a required offset distance becomes large. Like this example, in order to realize less than **2 
degrees of phase angle distribution, and less than **4 degrees of transmissivity distribution 
* within the substrate of 152 mm squares, 200 to about 350 mm is required for offset 
distance, and a desirable offset distance is 240 mm to 280 mm. Although the optimal range 
changes with offset distance, the vertical distance (T/S) between target substrates, In order 
to realize less than **2 degrees of phase angle distribution, and less than **4 degrees of 
transmissivity distribution within the substrate of 152 mm squares, 200 to about 380 mm is 
required for the vertical distance (T/S) between target substrates, and desirable T/S is 210 
mm to 300 mm. In order for a target angle of inclination to influence membrane formation 
speed and to obtain a big membrane formation speed, 0 to 45 degrees is suitable for a 
target angle of inclination, and a desirable target angle of inclination is 10 degrees to 30 
degrees. When changing offset distance to drawing 9 , the maximum of T/S and the 
minimum of T/S which can realize less than **2 degrees of phase angle distribution and 
less than **4 degrees of transmissivity distribution within the substrate of 152 mm squares 
are shown. 

[0043](3) Next, the construction material of the optical diffusion shell explains in detail the 
influence which it has on a phase angle and transmissivity. The phase angle of the optical 
diffusion shell and transmissivity change with the degrees of membrane formation speed 
and nitriding. Although the degree of membrane formation speed and nitriding receives 
influence in the nitrogen partial pressure under sputtering, in the state, nitriding [ the optical 
diffusion shell ] thoroughly, the influence of the nitrogen partial pressure under sputtering 
becomes small. Change of nitrogen partial pressure is able to make small influence which it 
has on an optical property by adjusting the amount of nitrogen flow introduced during 
sputtering so that the content of the nitrogen measured by ESCA may become larger than 
silicon in the metal silicide film [ nitriding / the metal silicide film ]. if this method is used — 
the field of a phase angle and transmissivity - internal division — it is also simultaneously 
possible to make cloth small. When adding oxygen simultaneously with nitrogen during 
sputtering, a phase angle and transmissivity will be greatly influenced by the flow rate 
change of oxygen, but at least about the influence of the flow rate change of nitrogen, it can 
lessen by the above-mentioned method. 

[0044]With the photo mask blank in the composition of this invention, light-shielding films 
(the chromium compound which contains oxygen, nitrogen, carbon, etc. in chromium or 
chromium, other chromium compounds, etc.), the phase shifting layer in a phase shift mask 
blank, etc. are included also in a photo mask. In the phase shift mask blank in the 
composition of this invention, It is the purpose that dispersion not only in a halftone type 
phase shift mask blank but a phase angle shall be less than **2 degrees, and the Levenson 
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type, an auxiliary pattern type, a self-align type (edge enhancement type), etc. can be 
applied also to the blank for manufacturing other phase shift masks, for example. 
[0045] 

[Example]Hereafter, it explains still in detail about the example of this invention. Using DC 
magnetron sputtering system explained by above-mentioned drawing 1, with the constant 
interval, continuation membrane formation was carried out and it produced one sheet at a 
time the half-tone type phase shift MASUKUBU Ranks 200 sheet for ArF excimer lasers 
(193 nm). The mixed target (Mo:Si=8:92-mol%) of molybdenum (Mo) and silicon (Si) is 
specifically used, In the mixed gas atmosphere (Ar:N 2 =10%:90%, a pressure: 0.1 Pa) of 

argon (Ar) and nitrogen (N 2 ). By reactive sputtering (DC sputtering), the thin film (about 670 

a of thickness) of the molybdenum [ nitriding / molybdenum / on the transparent substrate ], 
and silicon (MoSiN) is formed, an ArF excimer laser (wavelength of 193 nm) - business - 
the phase shift mask blank (film composition: Mo:Si:N=7:45:48) was obtained. 
[0046]Here, the sputtering chamber 3 in DC magnetron sputtering equipment shown in 
drawing 1 has the vacuum chamber 1 , as shown in drawing 2 . 

The magnetron cathode 2 and the substrate holder 3 are arranged inside this vacuum 
chamber 1. 

The magnetron cathode 2 is equipped with the sputtering target 5 adhered to the back up 
plate 4. In the example, anoxia steel is used for the back up plate 4, and indium is used for 
adhesion of the sputtering target 5 and the back up plate 4. The back up plate 4 is cooled 
directly or indirectly by the water cooling system. The magnetron cathode 2, the back up 
plate 4, and the sputtering target 5 are combined electrically. The substrate holder 3 is 
equipped with the transparent substrate 6. In this example, as the sputtering target 5 and 
the substrate 6 in drawing 2 showed drawing 8 , the device of composition of that the target 
and the substrate are arranged was used so that the field where a substrate and a target 
counter might have a predetermined angle. In this case, 340 mm and the vertical distance 
(T/S) between target substrates were 380 mm, and the offset distance of a sputtering target 
and a substrate made the target angle of inclination 15 degrees. The vacuum chamber 1 is 
exhausted by the vacuum pump via the exhaust port 7. After reaching to the degree of 
vacuum which does not influence the characteristic of the film which the atmosphere in a 
vacuum chamber forms, the mixed gas which contains nitrogen from the gas inlet 8 is 
introduced, negative voltage is applied to the magnetron cathode 2 using DC power supply 
9, and sputtering is performed. DC power supply 9 has an arc detection function, and can 
supervise the discharge state under sputtering. The pressure of vacuum-chamber 1 inside 
is measured by the pressure gauge 10. The transmissivity of the optical diffusion shell 
formed on a transparent substrate is adjusted with the kind and the mixture ratio of gas 
which are introduced from the gas inlet 8. When mixed gas is argon and nitrogen, 
transmissivity rises by enlarging the ratio of nitrogen. Only by adjusting the ratio of nitrogen, 
when desired transmissivity is not obtained, it is possible to raise transmissivity further by 
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adding oxygen to the mixed gas containing nitrogen. The phase angle of the optical 
diffusion shell was adjusted with sputtering time, and the phase angle in an exposure 
wavelength adjusted it to about 180 degrees. 

[0047]About phase shift MASUKUBU Ranks (size: 15.2-cm angle) of 200 sheets obtained 
by the evaluation above of dispersion between blanks, a phase angle and dispersion 
between BURANKUSU of transmissivity were investigated. The result is shown in drawing 
' 3. Drawing 3 shows that a phase angle and dispersion between BURANKUSU of 
transmissivity can stabilize for him and manufacture half-tone phase shift MASUKUBU 
Ranks who is less than **2 degrees and less than **4 degrees, respectively henceforth [ the 
3rd sheet ]. Even if attached by the 200th sheet from the 1 1th sheet or subsequent ones, it 
checked that a phase angle and dispersion between BURANKUSU of transmissivity were 
less than **2 degrees and less than **4 degrees, respectively. In this case, about a phase 
angle and transmissivity, the yield is 100%. 

[0048]ln Example 1, 200 BURANKUSU was produced like Example 1 except having 
opened the sputtering chamber on the way (the 190th sheet) for the maintenance, and a 
phase angle and dispersion between BURANKUSU of transmissivity were investigated. 
The result is shown in drawing 4 . If the device of this invention is used, several sheets of 
the beginning and 5 immediately after sputtering chamber opening will be removed from 
drawing 4 , A phase angle and dispersion between BURANKUSU of transmissivity can 
stabilize for him and manufacture half-tone phase shift MASUKUBU Ranks who is less than 
**2 degrees and less than **4 degrees, respectively, and it turns out about a phase angle 
and transmissivity that the yield is 100%. 

[0049]Although half-tone phase shift MASUKUBU Ranks was manufactured using the 
manufacturing installation of the method which sets about ten substrates in the 
conventional load lock chamber, and an in-line method, It was difficult for a phase angle 
and dispersion between BURANKUSU of transmissivity to store in less than **2 degrees 
and less than **4 degrees, respectively in any case, and the yield was also bad. 
[0050]ln Example 1, while forming membranes, rotating a transparent substrate, 
membranes were formed by having carried out integer time rotation of the transparent 
substrate before the end of membrane formation from the start of membrane formation, and 
a phase angle and dispersion within a field of transmissivity were investigated. The result 
checked that a phase angle and dispersion within a field of transmissivity could stabilize for 
him and manufacture half-tone phase shift MASUKUBU Ranks who is less than **2 
degrees and less than **4 degrees, respectively. 

[0051 ]The following thing was understood in the above-mentioned example. As shown in 
drawing 5 , in order to hold down dispersion in a phase angle to the range of about 180 
degrees - about 172 degrees, It turns out that it is necessary to control the electric power 
(power) of a DC power supply in about 1 .77 kW - about 1 .825 kW (they are about 1 .82 kW - 
about 1.81 kW preferably in order to hold down dispersion in a phase angle to the range of 
about 180 degrees - about 178 degrees). Therefore, change of the electric power (power) 
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of a DC power supply needs to hold down to **0.5% of a center value. Similarly, in order to 
stop dispersion in a phase angle and transmissivity from drawing 6 , it turns out that it is 
necessary to control membrane formation time in the range for about 560 seconds - about 
615 seconds (they are about 600 seconds - about 594 seconds preferably in order to hold 
down dispersion in a phase angle to the range of about 180 degrees - about 178 degrees). 
Therefore, change of membrane formation time needs to hold down to **0.5% of a center 
value. So that similarly the content of the nitrogen measured by ESCA in the metal silicide 
film [ nitriding / the metal silicide film ] may become larger than silicon in order to stop 
dispersion in a phase angle from drawing 7 and, In order for change of nitrogen partial 
pressure to make small influence which it has on an optical property by adjusting the 
amount of nitrogen flow introduced during sputtering, It turns out that it is necessary to 
control the amount of nitrogen flow in about 35 or more (they are about 35 sccm(s) - about 
35.5 sccm(s) preferably in order to hold down dispersion in a phase angle to the range of 
about 180 degrees - about 178 degrees) seem. The amount of nitrogen flow which can 
make small influence which change of nitrogen partial pressure has on an optical property 
changes with the exhaust performances and DC power of a device. 
[0052]The phase angle within a field and dispersion of transmissivity were investigated 
about one in the phase shift mask blank obtained by the evaluation above of dispersion 
within a field. As a result, dispersion in a phase angle was less than (average value of 
179.5 degrees, the range of 178.8 degrees - 180.3 degrees) **0.8 degrees in the range of 
the 132 mm squares except 10 mm of substrate peripheries. Dispersion in transmissivity 
was less than (6.16% of average value, 6.08% - 6.23% of range) **1.3%. When 
membranes were formed with the offset distance of 340 mm, the vertical distance (T/S) 
between target substrates of 400 mm, and the target angle of inclination of 15 degrees for 
comparison, dispersion in a phase angle was **3.5 degrees (average value of 178.8 
degrees, the range of 175.3 degrees - 181.7 degrees). Transmissivity dispersion was **8% 
(6.07% of average value, 5.83% - 6.56% of range). When the target had been arranged in 
the substrate and the position which counters for comparison (the offset distance of 0 mm, 
target angle of inclination of 0 degree), dispersion in a phase angle was **2.7 degrees 
(average value of 179.8 degrees, the range of 177.1 degrees - 182.0 degrees) in the 
diameter phi of a target of 16 inches. Transmissivity dispersion was **4.2% (6.19% of 
average value, 6.00% - 6.45% of range). Although offset distance is easy for the larger one 
to make dispersion within a field small, since the capacity of a vacuum chamber will 
become large if too large, the performance of evacuation gets worse, and membrane 
formation speed also becomes slow simultaneously. Dispersion within a field evaluated 
whether both the peak (an added part) to average value (center value) and a minimum 
score (a subtracted part) would be contained in the range of regular. 
[0053]Although the desirable example was given above and this invention was explained, 
this invention is not limited to the above-mentioned example. For example, although 
molybdenum was used as metal which constitutes the optical diffusion shell, it is not limited 
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to this but a zirconium, titanium, vanadium, niobium, tantalum, tungsten, nickel, palladium, 
etc. can be used. Although the target which consists of molybdenum and silicon was used 
as a target containing metal and silicon, it is not limited to this. In the target containing 
metal and silicon, it excels in the point that especially molybdenum has large evening 1 get 
density when the sputtering target which contains the controllability, metal, and silicon of 
transmissivity in the above-mentioned metal is used, and particle in a film can be lessened. 
Although titanium, vanadium, and niobium are excellent in the endurance to an alkali 
solution, in target density, they are a little inferior to molybdenum. Although tantalum is 
excellent in the endurance and TA 1 get density to an alkali solution, in the controllability of 
transmissivity, it is a little inferior to molybdenum. Although tungsten has the character just 
like molybdenum, in the discharge characteristic at the time of sputtering, it is a little inferior 
to molybdenum. Although nickel and palladium are excellent in the field of an optical 
property and the endurance to an alkali solution, dry etching is slightly difficult for them. 
Although the zirconium is excellent in the endurance to an alkali solution, in target density, 
it is inferior to molybdenum. 
And dry etching is slightly difficult. 

When these things are taken into consideration, molybdenum is the most preferred at 
present. The thin film (optical diffusion shell) of the molybdenum [ nitriding / molybdenum ], 
and silicon (MoSiN) has preferred molybdenum also at the point of excelling in chemical 
resistance, such as acid resistance and alkali resistance. 

[0054]ln order to obtain the thin film of the presentation with which it is satisfied of the 
various characteristics as a phase shift mass, securing the discharge stability at the time of 
membrane formation, It is preferred to form the optical diffusion shell containing nitrogen, 
metal, and silicon by carrying out DC magnetron sputtering of the target having contained 
70-95-mol% of silicon, and metal in the atmosphere containing nitrogen. In [ if this has more 
silicon contents in a target than 95 mol% ] DC sputtering, It is because the film which 
constitutes the optical semi transmission part of the Takamitsu transmissivity will not be 
obtained if discharging becomes unstable and it is less than 70-mol%, since it becomes 
difficult to apply voltage on a target surface (erosion part) (it becomes difficult to pass along 
the electrical and electric equipment). It is because discharge stability improves further with 
the combination of nitrogen gas and DC sputtering. The discharge stability at the time of 
membrane formation also influences membraneous quality, and if excelled in discharge 
stability, the optical diffusion shell of good membraneous quality will be obtained. 
[0055] 

[Effect of the InventionJAs explained above, according to this invention, the phase angle 
between BURANKUSU and dispersion of transmissivity can be reduced as much as 
possible, and the manufacturing method of the good phase shift mask blank of the yield can 
be provided. The phase angle within the field of BURANKUSU and dispersion of 
transmissivity can be reduced as much as possible, and the manufacturing method of the 
good phase shift mask blank of the yield can be provided. The phase angle between 
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BURANKUSU and dispersion of transmissivity can be reduced as much as possible, and 
the manufacturing installation of the phase shift mask blank which can manufacture the 
yield well can be provided. The phase angle within the field of BURANKUSU and dispersion 
of transmissivity can be reduced as much as possible, and the manufacturing installation of 
the phase shift mask blank which can manufacture the yield well can be provided. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a figure for explaining the transfer principle of a halftone type phase shift 
mask. 

[Drawing 2] lt is a mimetic diagram of the sputtering chamber in DC magnetron sputtering 
system used in the example. 

[Drawing 3] lt is a figure showing the phase angle between BURANKUSU in an example, 
and dispersion of transmissivity. 

[Drawing 4] lt is a figure showing the phase angle between BURANKUSU in other 
examples, and dispersion of transmissivity. 

[Drawing 5] lt is a figure showing the relation between DC power and a phase angle. 
[Drawing 6] lt is a figure showing the relation between membrane formation time, a phase 
angle, and transmissivity. 

[Drawing 7] lt is a figure showing the relation between the amount of nitrogen flow, and a 
phase angle. 

[Drawing 8] lt is a mimetic diagram for explaining the physical relationship of a target and a 
substrate. 

[Drawing 9] When changing offset distance, it is a figure showing the maximum of T/S and 
the minimum of T/S which can realize less than **2 degrees of phase angle distribution, 
and less than **4 degrees of transmissivity distribution. 

[Drawing 10] lt is a mimetic diagram for explaining the sputtering system of this invention. 
[Description of Notations] 

1 Vacuum chamber 

2 Magnetron cathode 

3 Substrate holder 

4 Back up plate 

5 Sputtering target 

6 Transparent substrate 

6a The portion holding a transparent substrate 
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7 Exhaust port 

8 Gas inlet 

9 DC power supply 

10 Pressure gauge 10 

1 1 Load lock chamber 

12 Valve 

13 Sputtering chamber 

14 Valve 

15 **** room 

16 Unloading lock chamber 

17 Valve 

18 Valve 

19 Robot arm 

100 Transparent substrate 

200 Light transmission section 

300 An optical semi transmission part 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 




[Drawing 9] 
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[ Drawing 10] 
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■TSfcii>©SBI**rr57* h -77777:^ ©§^7} 

fcf&7* h-7X*77V*©«3i73i£o 50 
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[»*«7] fufBS1£t7-y>y h©*ffr1-§S#\ 

nt^scfc a t f s is** 6 k«©«hb73 a. 
[is** 8 ] ^(Dm^hi&mmT^'u^mrm 

IS** 6 JLit 7 KE«©Sil73ffio 

[is** 9] wnRrt2-y*&mt&rzib<Dnmte. 

<m~>7bmx&K>, i5fE7* h7X*77y^Alffl 
<>7h^**77>*?fcSCfc£ft«fc-rS»#Jg6 

[IS** 1 o ] MB©i&fflfc©iBrt©tf 

e>ot#, ±2° 9 

KE«©«iS#ffi. 

[is**in WE/^-y*»iR-r*fe«)©««i 

M\ 7fc¥&«14©(fcffl*>7h§t-e&9» HufB7^hvx 

777>7*V\-7 h-y$!ffiffl'>7 h7X777>^ 

met % t % is** 6~io ©^-r n^tc ib 

Sc©Sija?7?5feo 
[IS** 1 2 ] f(jiBft¥>§>ltt©fuffl > 7 h BtOfftffl 
ft©BBF«i©tf 5ottf± 2 • WrtA^j8ii*©i5rt©ff 
^o#^±4%J^p f gT'*^ci:^!|lfSi[ii-r«.!l*]Bi l 

[IS**l 3] WIB)t¥jSiltt©ffiffiS/7 Miff, £ 

h £7/W 7 U y^7*f § c t fcj: o TffM£ft/c£«> 

o, nMK*mm®.<D<m*yy~ vmtt» 
mtfyv^yz o < «fe 7 icBtftztircztz 

ft&t+Zmjm 1 1 Xtt 1 2 £SE«©«it73 8;o 
[IS** 1 4 ] HS*« 1-13 ©^1* n^K85*©7 

* b-?x?y' : 7yi'iastf%mmfc'W--yy*M? 

[|»#*15] 11**1 4frfB«(©7^-h^7^^ffl 

^X'^-ywz*fi?rc<i£*¥f&£t5'W'-y$z 
imxm 1 6 ] «R*-tt^owx-r* a- fo-^ 

t*mm£?%7* b^7s^7^y^commmm 0 

©^^i4^e^©4'^w-rtifcfitfitcw^'r§^-7 1 ' 

©^ig^Ho 

t>\ mfe<Dnm*G?z>& ; jicm-'fvb£mfotf& 
mm 0 



3 

immmi 9] m^commm^mt^mt, m 

mis l 0 n (c u rm& t m c mnfa \tm^ 
zrcm&xMmzov f («*7) tcf^st, £ 
wr&^s-ftm^'r sit^im 6~i 8©^-rn*Hc 
* iam<v^~7 v-ymmy? v^^T'yywm. 

[0 001] 
[0 0 0 2] 

[$*©8ffi] 7* MJ 7 7^7-f-t;:g5f<2n 

mmtzmmcfr*), m^mm^yyx^n ail 

rfNC^ftfc: (^Semiconductor World 1990.12, Jftffl 
SMI6 0#3! 11^(1991)?). 
[0 0 0 3] il©J;^«T, #mft?)7* h'JV?" 20 
5 7 * LTfitffi ->7h'JV^7 7^-ATO 

U^yyy (Levenson) £k fflffiJ^-J'Sk SE^£ 

[0 0 0 4] tl<E>{iffl'>7 hVX^O- 3£ L"c\ vvfc 
«>S^-7h-ySfi[ffi'>7hv^^fc«;SnSfflffl'> 

15) *-B:5ffiffi'>7h«ffii:0-oo«ffi*3(iEtoli*S 
CfcK4S<DT^ ji^M/^-y^feffi'77 r-§£/S#- 40 

%T*&Z>t^5%f®LZtlLT^&o ^-7 h-7»> 

•yf-^IfiCJ: DfroTl^Stf, SBftUgfcttffl^ 

%mtimy7 hmmzft-omvmJsicD^T, m& 
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mtx^, ®mcm%^?-yftmzmz> c ta^ii 

[0005] m-7 h-y§y<£>{£ffl-77 hVX^ti, 0 

1 o^-Tcfc^tc, mnmfai oo±icBf&?&^xt 
^m&m mmwmmm 200^ mmmm 

mmWyy^) ZOO t^mWLL (RIB (a) K 

■rsctfcfcoT craa (b) ) > yt^-mMffltymm 

QBttfcg] 0 &A,/ctttfSWCfT^ L<& 5 * a fc U 
(c) ) 0 

[0 0 0 6] t£ZT*±j£Lrc^-7h-ym<DtiLffl-y 
({4^77 Ml) ftj^s&tfttfflS^r-*©^ 
S. a*Wfctt, (1) KrFX+i/vU-f 

a r fx+s/vi/— ^~m<omytmmc^xmM 
m%3fr%2o%(Dffimx*mmBimx°&z><it, (2) 
MtBST'c&s^fev^Tjimti 1 so 0 i&@<D{mcmm 
tfmmosmxhzzt, (3) ^ssst»^s2 5 7 n 

m, 2 6 6 nm, 3 6 4 nm, 4 8 8 nm^fOiSlgfCte 
[0 0 0 7] 

ffl^Sl/- V<DW.&tf i IS (3 6 5 nm) ^KrFlt 
i/VU— +f- (2 4 8 nm) A r Fl+^l/- 

f-(l9 3nm) 'sfcJSJftWb'rSteOtlT, ±iEL 

moA-7 v-ymmyy t-rxz&xfzcDmm 

^ feffi'77 b-*xz7yy9%mm?&m&. t<o7 
yytxm^wftizftvzimftRvmmmtDtiz-DZ 

tf&Zt, t£%£0tfM<, #(CArF, F 2 X+~>V 

fi, fit*® il, Kr Fx^i/7l/-f-ffl77^77 
>^^fcfeW57'5>7^lffl J f»iBrtOttfflftSt;aiis|s 
Wf6o#T«, tf6o#*^*<, ^eSOfelll/^c 

[0 0 0 8] *«Wtt±5EUfe**OTK*Snfet)0 

r* o , 75 ^ 7 zmc &ifz>{iL.mnjkummm<otf e> o 
t *mt]umx*z, *esoo^ffiffl^7hv^^7 

77y^7©ffiF^{C*3tt^fuffift&0 : ^)i^O«"5>Ot 



« 



(4) 
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• otr£ffi;*jflS«"t?fN *SS0OA<«JST**(ftffi-> 
[0 0 0 9] 

[ o o i o ] (^fiS£ i ) )iB^a^±tc x '>& < fe {£ 
S S c i: £#iiS( 4: f s {4 ffi 5/ 7 h v 7 * 7 y 7 1 © M M 

[ooii] (*j«2) awasttLhK, 20 

¥i3iiJit£*rf S>v-7 h-7£Mftffi'77 hV7^77 

y?*, mmmmmmmt^m^^x, mib^ 

7 h-7S!<»77 hVX^777^^*3tt^^ 

>Sffiffl->7 h-*x*777*©S5S#ik, 
[0012] («j«3) aBS«±ic % '>a<fct,/< 
2-y*&f$.-r5rztb<Dmm* : g-?z7* wxt?? 30 
7^ ftSftgawteSii-rstfaifcte^T, msb# 

/ <«y £ fe^T^ £ - 7 J&Jgric-T £ fc * ©SMStfJBJS 
S*U MIET^-y £«&©^S1£ftW£n 

fr-3MfBIig£*5^Tf#e>ftfc7 * bvx^ 
7?y?(D?*>j&mffl!i&imfr l b / P%< 4€>5^@$ 

[0 0 13] (flttf4) ME^*->£ffMiT3fcA6 

y^mm^7h^7,^ryy^v&^ct^mmtt 

[0 0 14] («JS5) wE/<^-^*»«-r*fc» 

)C 3 l 5 »lttOffiif7HT*9 1 tG8E7* 50 
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h •^x^y'yy^if^-y v-ymm ; yy b-77^7 

y y I X& Z> C 4 4 -T § m& 3 tClB^co^il77 

[0 0 15] (««6) BWS8LtK7>&< 4t/^ 
-y*Bi&t%>rcisb<Dmm* : Pitz>7* h "77*777 

Suisse© pMMua* 6 ^©^ ^tt^-r tifctt 

Kfc^iRi-r 5 £ - y h * 7^ «y * 'J y 7? % £ t ic J: 
oTritfl|-rSi:i:*^ai:-rS7* hv7>*75y*© 

[00 16] («j£7) flBBSS£*-y«y hoWfil 

•fsisav ffi%.<Dftm*^tz& : ?fcmz- j fv htm 

«^EB S nr 5 c £: i: "f * *f/3c 6 K f fi«©Sy 

[0 0 17] (JM8) (Sil0!}Mi6^6jSHI<O«7S 
T?OIBT?aifl»lfi*SE«ia@KS'&TlS«l*?f 5 c 4% 

[0018] («fig9) t&m/vr-yzmi&t&tttb 
<Dmmte, imyybm-e&K). mmy^h^xyfy 
y^mm^yb^x^fyy^x^^ct^mt-r 

[0019] 1 0 ) HufBfiffi 7 7 h mm m 
©ffirton^o?^ ±2° artTftsct^wpffctr 

[0020] 1) wc^-v^is-rsfc 

* b-?xt7yy>?tf^-7 Y-yWtiWy7 V txz 
7yy'!7Ttb2>c.t*¥fWLtirZ>ffif$.6~\ OO^-fn 

[0 0 2 1 ] (M12) HfflBTt^aiittOffiffl 7 7 

m®. 1 1 K:ffi«©«3g^ffi. 
[0 0 2 2] (ffifiS 1 3 ) MIB^MJi'l4©{uffl77 

ms^, m.m*^$snm%*T*&mikx$i'V-=iyfrt>ft 
tifc^m. yv=iyRxsmmtt3Ltcz>Mi$.f$.ftt lx^ 

SR©-&^S*^7U37J:0fe*fr<4«J;5t<:JBfiK$n 
tec fc 1 lXfil 2fcE*0«Jt* 

[0 0 2 3] m&l 4) ftSl~l30^1*nfrK 

IB®©7^- b'?xt7'yy2lc]ai l fz>mmicA$--y 

[0 0 2 4] (Ml 5) «UXl 4£fB«©7* 

^^m^xt^-ymMmi-otzz. t*¥f®.tt%^ 
*~y%m-nm a 

[0025] (Mie) mfatt-w.^imAtz p 
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• [0026] (Mn) mmmzmzmmmm 

[0 0 2 7] («18) bZ—ffy H ©ft 10 

[0028] mfc 1 9 ) aisoiEiiHfuM^^tB-r s 

mmwM m& bmm* o n u t iii d mmn \t 
micmm^rzm&vmmzoF f <m*S7) £-r§ 

^-r^C^^M^t-^lifiScl 6-18©^ 

-rn^c icmm<D^-y b-ymm*yy b^zw? 
ytvmmmo 20 

[0 0 2 9] 

[ftffl] ±as«ifiR 1 , 2 tc «tti«, {4*^7 h-7x^7 
=>y^m^^^\myy Ym<D\mfto\ztb'DZft± 
2 0 $>^it^-y h~ymim^y b^x^yyy^ 

rF, ?z^*~yvis--tf-rj:E<DMmmm<Dim>'y 
b-?xt<Dmm<Dmmnmtznm-?z?>o c©ibb£ 

i^.5tArF, F 2 x+yx'lx-+F-&if©$§i&gffl 

nm^yy b-?z?<Dmm<DmmnmimmMv&z>o 30 

L©T\ ffif&L 2tm<Dmmt. KrFl^>7l/- 
[0 0 3 0] ±IB^3~5fCj;tl«\ 7* bVX;77 

^y^c^s®^ mm cod) , ^/p^) ©7 
h-^T.^y^y^mic^f^m^yy bm<Dnm^<Dif 40 

tireotav ^n^"n±2° jm&tf±4%j^i*iTfe3 
im y 7 h v x ? om&ttnm-? # § 0 

[0 0 3 1 ] ±I3#l/?Sc6~l 2(Cd:nH\ 7*hV7,^ 

yyyfic^m^ (.mmm cod) , (i/?^) © 

T.^y^y^nmmc^^m^yy vm<D\mnwf 
& 51^*^-7 h-ygHiffly 7 hvz, 
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tizimisy b^x^y^y^^mmzz^rzib, Ar 

F, ?2^*is^U—*f-%:E<D l mMm<D&.)®isy b 
F, FzX+yvU-+f-&£©^Sffl©{xtfBy7 b 

•?7^75y7©ffiWc:fctf3 ft¥i§il§i©to*S£! & 
znmvmm, k r Fx*yvy-*f-ffl»y7 b 

[0 0 3 2] ±§B#f/£ 1 3 IC Mi, \mft<M£hl% 
[0 0 3 3] ±IB«^1 4k&tl& VXtm&Z^te 

-?7,5mft<Di$£>-DZ*w\x.rcy*b-?7>?%®z>cb 

[0034] ±fB«§$ 1 5ic&ftif. mtitcmm;^- 
ymxtfvimtftZo 

[0 0 3 5] ±8B«/?Jcl 6~1 9<DmWlC&fttfs 7* 

b^zzy^yziasvzmft'ft mmm (od) , n 
ffH) o)y7ytr$ximftM£z-D%*ffl!iz>cttf 

?.teffi^7 b^<D\mn(o\f^-Dt^± 2 0 

feffii/7 b-^Ts^yyy^^ /n-7 h-y§yfitffl>'7 

4 %j^i*iT-£sfiffly7 b^zty^ytommzmm 

[0 0 3 6] WT*5|f«^l¥IIH^I{i0fl-r^o 

[0037] hi&Ltz&$}*mmz>tzibfcs m^m 

ii^o^Mii5fflti, y^ytxrs^m (y^ytxmz 

n^n±2° ±4° sjt^gsR^n^o fitift^ 
jgji^^ft^tir^ssiLTfi, ( i ) K^mmmv 
«¥ii> ( 2 ) ft¥Mi®Ji£flM-f sx^y ^ u y? 
mw<Dvm, (3) ^^ii^cDWK^tf5,ti§o 
[0038] ( i ) K*mmm*Bi&? ztimmmz-D 

v y7<DTmmTT*®feirz>i%%, 7>;^yt v ym 

ctb\ {mnRxsmmny^y^xf^m (7?y 

^XP^tf^Of) ^fnfft±2° ±4° wrt^ 

■r§ci: tc^-e&So x/^y^yy^" 

cx^y ^ v yifmifribXcDx^v $ v yypj^T- 
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yy&ft*nic-feK.t%t, ff»RftW5^6i oft 

^n±2° Jfitrt, ±4° «F«)T*fe5A-7h-y<u|g-> 

7hvx*7^y*xfc££LTt!ai**cfctfTOr 

[0 0 3 9] cKDXS^H^T^/cfe^fi, HltC^-T 
<fc5fc, X>iy*VV9%fT5*&ll (XX«y*M) * 

n- Ka >y ^1^67^>y ^IaoHSIA*, -£© 

c©fciWc{4, **r-tfe^SS*#A"rSD-KD 
vtmm&Wfs L^tD-Kn'^lcSi*, a- 20 
KP > y?Mfr£XX.y*§'\©S}g#A£\ -5£©ISIB 

fi£#©^-7 F— >»>7 F- VX^79>^X©im 
SSTti, 7J1/-7V h©«j£fr5* P-Koy*Irt 

fTfcftftVfcik *-^T©d^tf*S7Ufc©;*7-fev h£ 
p-Kpy^Srtfc-fey hLTJSfltfcfr XX>y 30 

^S^\©aHRWX3» t -i60lBIHl?l»ttWfcffa:fcn4 
t,\, ilOlRS&fclHIHaott, X/W ^^©S&sIA 
W-JtOIBIHiTlWSJWfcffftfenftvt, X^y^lT* 
©«BljWfif£* , f««J©5~l OftgjSKiffifflfc^ail 

[0 0 4 0] HlK^T* P-Foyi'll HCte, 
^n-FP'^Sl 1 *HMi"r5X/l/7' l p 

4*^0Mtt5tlT^So P-KP7^Il 1£LT 40 

it, ±m?*mwLtzx^y zm^<Dmmmk*-m<Dm 

sftfct>©*flaw-rvs. x/w^n 3ti»sE-rs0 
2 ktjtt «k 9 &xx-y * u y^fr^n^mtnmnm 

m:Mt%o XvW^Sl 3^©S«#A*P3j?*y F-7 
-i»tcTfT-5«^K:a, X^-y^Il 3fcn-KP77 
Ml 1 OlfflfcffiiJSK l 5*»WTt>J:v\, Pt"7F7- 
Al 9(i> Hi 9 aWmBMiftfcfflfflt&Ctlc&t) 
a>F 1 9 b*0*B#|nJfc:£»rPSr v £fcP#«y F7 
-A 1 9ttB^C^i«lfc@(ET?t, £e>fCP#-yh7- 50 
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it, ±En-Koy*ai i tmm<Dmm^-r^7y 

1) A;U7l 4*fflVfcm, ^y h^tT^P-KP-y^ 

2) /Vb7l 2£F*fji^TP-FP>y^M 1 1 rtfCJSWS 

3) /vi/7i 2*ai;TD-Kny^ai l^f^-r 

4) D-FD7*f l l>W?r£©Kffigfc»Lfc»> /< 

;i/7' i 4 *M^xmww&*7,>^ $m i 3 immzit 

So 

6) ^a31«0««»7», >W7l 7*IB^Ti« 
P-FP7 711 6«m^©S^fi^T*gm^tlTI/^ 

7) /^i/7"i 7*fflvrzik, ^yF^7yp-Fa 

8) A;l/7l 8*Ml/->TSS*ffi0ffi-r. 

XX>y #M 1 3 rte*»t*3t*ajllllO««W»7 U 
X^y^ll 3^7>P-FP7 7Sl 6fCg«tf$ 

P-FP77I1 i E#©s®^$i£-e£o m 

@©fi!cJi^7Lr, X^7^I13^7yp-FP 

•y ^m 6 izm&ff&mztirz^ nmzurcmw&m 

c©<fc5aiefj:«j;0, 8BO^>fty^i$ 

[0041] (2) ^jSjUH^ja-rs^^v 

^U7^B©Wi:o^TI¥b<^-rs„ 
JS£»f SXXy * U V7*I$©#XE, XX>y £ 'J y 
?m D C««©a^Jx XX-y * U V ^*ff 9 «ffll(4itt» 

5 6a«-r * »sfii^©«i* i*j± a^mt* s § o x>< 

>y ^ U yy^f©^X£E{i, «B©SfStP ^ yxtc 

wmatKoi/^Tttaiiiif *. aft*>upy*^rty 

HS*rtS*^«4-r57k»ss©«rx^ ^© 
it. J$mmmtf\ 0nra/m i nT*S«^tife43Cyfa 
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2 x l 0 s p aWT, JjScffifilgtf 5 n m/m i nT'£S 
l x i o" s p atXTWIt'feS. £?>fcfeffl 
ft&ra®^©75y*7ft#*h (jSrt^^of) £^ 

j^rts ±4° imteWz-ztzwat, mm 

MOFF GSBMST) fcTS«*£«S*.SCfctf 4 Bg 

[0042] ffifflftatfisai*oiiirto»*a:» SEt 
£fc, *&gft*7-fe>y Mg»fc*:*<ftS. #^»'l© 

j;?^ 1 5 2mmn(Dmmm~&.mn^±2 a \m 

hSgWi 2 0 0 mm^6 3 5 0 mmgfitf&BTSD, 
jfSU^7t7 VfeMtZ 4 0mmfrf>2 8 OmmT* 
&S C h-StttlHBiilOgd (T/S) tt, 4-7 

t-yh £NEt<: cfc D ailSEHftTO-f S 15 2mmft 

©s«rtT-fi[ffl^^± 2 ° \mmswm^± 4 0 

(T/S) tt, 2 0 0mm^P)3 8 0mmgg^ST' 30 
&t>* »SL/^T/St4 2 l 0ramiti^3 0 0mmffe 
So *-yvh^ftttiait»KfclB»U *£ft/£IS 
>I££f#S /c&fC, *-y«y hfBftfttt^ 0° fr£4 5 

0 *«aa-e*t), »su^-y^ hfftHAa i o° 

-&{C % l 5 2mm8©g^ftT{uffl^?F±2 0 WAR 
/S©TIS£^"fo 

[0043] o) jfcK, K*mm<ottnwmn. 

S , Jtt*aii!l#SS£K: k L fcVi 
§ 0 gfk Lfc&«S' 'J FJS? tt, E S C a t« L 
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So 

[0 0 4 4] ft*5, #^©#fj£(C:j3tfS7* hVX^ 

m^mmcmf^m^yy h-^x^y^y^iz^x 

ar, u^yvym, n&j'**->Q &BM-&m (x<y 
s^aaBis) ftt\ flfi©fitffl^7hvx^*«j§-r*fe«> 

[0 0 4 5] 

ittWT So ±IH0 1 T-lttW L/c D C v^* h p y^^'y 
^U>^SI^fflV\ A r FX^-7VU-f- (19 3 
nm) ffl^-7h-y§yf4ffl^7hVX^7^y^X2 

ftfltyCte, t'J7f> (Mo) tv"J3> (S i) £<D 
t^^-y>y h (Mo : S i =8 : 9 2 mo 1 %) £ffl 
v\ 7>ldy (A r) i:a* (N 2 ) tOM&UX&m 
M (A r : Nz = l 0%: 90%, l±f] : 0 . 1 P a ) 
T*> Sf&tt7^>y^y y^7" (DC7^7^'J7t") KJ: 

t? > awati^Kafksnfct y -J^ymsis vav 

(Mo S i N) £D»^ (MP^6 7 0*yyxhD-A) 
figLT, ArFX+->-7l/-+f- (jgll 9 3nm) ffl 
W>7h -77^77^^ TO^: Mo : S i : N = 

7:4 5:4 8) %l#fCo 

[0 0 4 6] CCX\ BlCfNtDCV^hny^ 
•y ^SStc*3ltSX/^y 3 ti, 0 2 (c^-r <fc -5 

n ytsv— F 2 &tf StRj^;U^ 3 ? nr ^ § . v 
y^. h xnyti v- F 2 fctt/^y ^yifzfU- b 4 tcjg« 
$tlfc7/^y^yyy^-y-y h 5^f^nt^5o 
^aS0>JT*«, /^y+yy7lx- h 4 lc*RMXM*ffl</\ 

7A«y^U>^"^-y-y h 5 t^V*yy~?l<- h 4© 

4 u *^««fc J; 0 it & $ ti ^ « k * nr ^ 

So "^y*hPy*y-F2 fc^>y*y^7V-h 4S 
D*X/^-y ^ y yVZ-Vv h 5 limMWtC^^nTV> 

So aHE*;i/^3tttaifl»g6*<«E«*nTv^. ft 

*3> *^Sfifij7?«, 02(C^tSX/^«y^y 

>y Howisi"rsia^m^oftfi*W'r*j:'5fi:, ^-y 

•y h taMR*tEHSnT^**«0«B*ffli^. C© 
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»i3 4 0mm, v h -m®.fmWMM (T/ 

S) Ii3 8 0mm, $-fy bmmmt 1 5° £Ltc 0 

y-F 2ic-kmj±%hn?L, x;W#u y?'£tT9o dc 
ic&-oxmi&Etix^z> B mwmm±.izfci&?z>yt¥m 10 

$^±#t§„ mm<Ditmzmmtz>mfximm<Dm 

mmt, mm®.m^v%\mm^ \ so° imMt 
[oo4 7] -ryyimt z-Dzvmmimxmzftrc 20 

2 OOtfWMuffi^hvT^^y^X omx: 1 
5. 2craft) K^T, ffiffift&tfaiS*©:/^* 

ff6otft^n j en±2 e ±4° 

f SCtWS, 46, 1 lttB«Rfr&2 0 0$g 
t#^tVfft±2° J-Xfl, ±4° Wn?fcSCfc£fltB 

Lrco coi^, tafflft&t;ajiJ*!fcB!iLTti#e*»3 30 

U 1 0 0%X&Z> o 

CO 0 4 8] 4*3, ^jfigtflj 1 £*5I^T, ^ (19 0R 

mmmi tmmicLxf^ytxzzoommL, &. 

ft±2° Wft, ±4° ttrtffe§A-7h-y|uffl'>7 
[0 0 4 9] Sfc, Be*On-FPV^artK 1 0$@ 

5y^7.^e.Ot^tl^tl±2 Q J^rt, ±4° J^F«9 

[0 0 5 0] DlJ&iifllJ HC*5V>T, aWSSfclsHg 

£tf4tfP>«&*T?£:£&f;:, j^olJflftfr&jSSi© 50 
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»7STOlBI"PiaW»R*iE«@igC?«TliW*fT 
i\ fflfflftRtfaB8*OiiiF«9tf6ot*il^fc. ^Ott 

7^ y 2 7.£££ LTg^iT? f? S C t *mm LfCo 

[0051] set, Jcmmmmicts^r. xectw 

8 0° 7 2° CDfBfflKfflJX-Sfcftfc:^ DCfBJS 

<DMtl 0^7-) £&J1. 7 7kW~8l. 8 2 5 kW 
(ffiffiftOtf50t*fil 8 0° 7 8° OttHK 

W*SfciM?3:l,<tiJftl. 8 2kWH$l. 81k 
W) OlBHTa?Jj9-rs<2SS*^SCt^tj^So Lfc# 
oT, DCfcjtg©*^ 0^7-) ©gW|Ji»t>'CMI±0. 

1ft 5 6 0fP~m6 1 5© (fiEffift©^P>Ot^ 1 8 0 
0 H$l 7 8° 0reB£ffl*Sfci«f8:L<«Jft6 0 0 
#H$5 9 4#) co$BHT*$iJ8frs^S^5tii:^t) 
^5, LfctfoT, $M^©^a«^Lvf@±0. 5% 
Cffli^5(li:*^ST*fe<5o Hflto:, 0 7fr5{ftfflft© 

§?*© e s c a -cms LfzmmtD^mtf-y vuy&o 
$z.z>mw*'bz<-?%rctbicte s mmMmzm3 5 s 

c c mK± ({ftfflfcOtf&OtfcJft 18 0°~^178 
0 ©«5fflfCfflAS;fciWif£L<M:J|$3 5 s c cm~#J3 
5. 5 s c cm) <D9mV&tM-t CtWt> 

^So 4*3, s«^i±o^»)^7 1 e^tt^4^§^s^ 

[0 0 5 2] jBrtfcT6o#©ff«±eT?ff6tifcfflffi'> 

7 h-?X27?yZ(Do-Z,<D 1 ^{COV^T, ffirtOffiffl 

gpi 0mm^lt< 1 3 2mmftOlEHT*> fitfflftO«*e. 
Ot^±0. 8° Wrt (¥i£)ffil 7 9. 5° , fBBl 7 
8. 8° -180. 3° ) -e&ofco */c> SiispOtf 
e.otti+1. 3%JXrt C¥l^ffi6. 16%, SBH6. 

0 8%~6. 23%) T&ofco 4*5, Jt«Ofci& % 

7 -by hS§Pi3 4 0 mm, ^-^"7 h -gMSll«S§ll£ 
(T/S) 4 0 0mm, >-yyHWftl 5° T*$it 
^fiofcif^, ttffiftOtf6o*jy±3. 5° (¥^ffi 

1 7 8. 8 0 , IBffl 1 7 5 . 3 0 ~ 1 8 1 . 7 0 ) X*$> 
■Dtzo STc, Ii«^tS+8% (¥l^ffl6. 0 7 
%, IBH5. 8 3%~6. 56%) X2o?rco ^5>(C, 

fcil^ hSg^tOmm, *-y»yMg*4fc0 

° ) Ctt, ^-f y M 1 6-ry^0(CT, 
e>Ot^±2. 7° (¥£3fitl7 9. 8°,I5H17 
7. 1 0 ~ 1 8 2. 0° ) T'So/co jgji^e 
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2% W9ffl6. 1 9%, ffiW6. 00% 
~6. 4 5%) T'SofCo *7-fe>y hffiBtti^fTl/^ 

<ku wwftciaiiia*t.ii<fta. ®rttc*3tt§ 
• to« teat- (7^7 

[0 0 5 3] Ut±#$ H/^W«*tfr*5Blfl*lttW 

ffl^ftt&^-yy hffifitf*£ < > JB*0><~r-r 7 20 
< t 3 c i: tfT* t § ^ 9 mc &i^T Snr ^ 

zmtKmmtix^ztiK v bftmioo^x^v 

7f>cST^oTi/^ 0 *y*;M47/P*y»iWc*t 

m®m<Dmffl&ici3^x ; ev-T-Tyicm=F%vx^& 0 
fyfxr-yittv 7-f y t&< {&rc\tm*ft oti^ 
t>\ x/^y 7 v ytfmonn-mc&h'x^v -/fy^ 

14, TkxsTivii y mmcft-r%m!\&<Dmx'imnx^ 30 

2>t>\ Y^^x.y^y^^mm.Xh^o *y)\s-3-*J 

■t%>tmi±<Dt£z : £v?7-°yt>mt>tff£L\<\ mtt 
titc^vffyR^yv^y (Mo s i n) comm (ft 

[0 0 5 4] «B#<7)^«^^'tt^5SfStOOfe 

®i/7\-v7.tLx<Dm&&zffiB.?%mf£<omm*m 40 

Sfcftttt, 7 0~9 5mo l%OJ"j3^t, &ffit 

^hp^T.^-y^'jy^-rsct^.fcO, g*. 
t>*y y 3 y t *<stsyt*m®m%Bi$.t zztwffZL 
i\ ctut, 7-y-y h^oyyny^watf 9 5mo 

\%£9&^t, DC7>^<y^Uy^*3^T«, 

0, Sft7 0mo l %<fc»3'>fti/^ SSftiSiS*®^ 
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mfiZtDCX/*v$Uyy£<Dffl.£-&lC£-DX, MM 
[0 0 5 5] 

•3©fiV^fflffl'>7 Y^Ts^^^ytxDW-^nWtW^X 
t* 0 7*5y^XHKfeltSfi[fflft&tfaii* 

ffiffl'y7hvx^7^y^o«3iSB*s«-ptSo $ 
re 75y^x©®rttc*3tj-^{5ffi^sy : 3Sja^(D«^ 

7 v^^f^y^nmmmm^w^x^^o 

im i ] m-7 h-y®fftffi^7 h -?xt<Dimmm% 
mm?z>tcib(Dmx&z>o 

m 2 ] nmmx&m Lfeocvnhn yx^y 7 y 

[H 3 ] *SWWE * y ^ ^DB K * it * fiffi^ s 
tfm <D i£ z o t El T £ 5 o 
[0 4 ] ffi©HffiWcfctt377y*XHfcfctt5(fcffl 

[06] mmtotifflAAxffiBttomvkitTK'tB 

[0 7] a*8(Ultffifflfti:OIH«*^-rHT?**. 
[08] *-yyhfc»«©ffi«§Bfc*ttWfSfc»© 

[09] ^-7-b«y hre«*Se{tStffc«£K: % ffiffift^ 
2 ° WrtStfajfisP^i 4 ° J^rt^H^T't S T 

/ s <D±mt t/s <DTm%7ik-rmx'&2>o 
[010] *59wo7/^ ^ u y<r£W*mw?src&b 

©*£S0T*&£o 

1 

2 7^hDy*V-F 

3 »R*;I/^ ' 

4 /^y*y?7b-h 

5 h 

6 3iB^S« 

6 a aws«*««f-rssp«- 

7 SMRP 

8 ^7a»AP 
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I 0 ffi^llt 1 0 
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